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Abstract 
AIM: To investigate current preferences and opinions 
on the diagnosis, treatment and rehabilitation of pa-
tients with anterior cruciate ligament (ACL) injury in 
Croatia. 
METHODS: The survey was conducted using a ques-
tionnaire which was sent by e-mail to all 189 members 
of the Croatian Orthopaedic and Traumatology Associa-
tion. Only respondents who had performed at least one 
ACL reconstruction during 2011 were asked to fill out 
the questionnaire. 
RESULTS: Thirty nine surgeons responded to the sur-
vey. Nearly all participants (95%) used semitendinosus/
gracilis tendon autograft for reconstruction and only 5% 
used bone-patellar tendon-bone autograft. No other 
graft type had been used. The accessory anteromedial 
portal was preferred over the transtibial approach (67% 
vs  33%). Suspensory fixation was the most common 
graft fixation method (62%) for the femoral side, fol-
lowed by the cross-pin (33%) and bioabsorbable in-
terference screw (5%). Almost all respondents (97%) 
used a bioabsorbable interference screw for tibial side 
graft fixation. 
CONCLUSION: The results show that ACL reconstruc-
tion surgery in Croatia is in step with the recommenda-
tions from latest world literature.
© 2013 Baishideng. All rights reserved.
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Core tip: The anterior cruciate ligament (ACL) is the 
prime static stabilizer against anterior translation of the 
tibia on the femur. We conducted a survey of members 
of the Croatian Orthopaedics and Traumatology As-
sociation to gain an understanding of preferences and 
opinions regarding the treatment of ACL injuries. Our 
findings are compared with those of previous surveys 
found in the literature to highlight temporal shifts and 
geographic differences in opinion.
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INTRODUCTION
It has been 105 years since Hey Groves[1] made the first 
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anterior cruciate ligament (ACL) reconstruction using a 
patient’s iliotibial band as autograft. Since then, a large 
number of  surgical techniques, graft types, and rehabili-
tation protocols have been described in the literature. 
Today, ACL reconstruction is the sixth most common 
surgical procedure in orthopaedics with over 300000 
reconstructions performed every year in the United 
States[2]. Despite the large-scale use of  ACL reconstruc-
tions, questions still remain regarding indications, surgi-
cal techniques, graft selection, fixation method, and post-
operative rehabilitation protocol, causing controversy 
regarding both nonsurgical and surgical treatment of  
ACL injury[3-5]. However, not all practicing surgeons may 
be aware of  recent trends in the management of  these 
injuries. Until now there has been no study conducted 
on the graft type, surgical method, preoperative prerequi-
sites, postoperative applications required, and rehabilita-
tion approach in ACL reconstruction preferred by ortho-
paedic and traumatology surgeons in Croatia. There are 
several similar studies in other countries described in the 
literature[3,6-11]. 
The primary goal of  this study was to conduct a sur-
vey of  members of  the Croatian Orthopaedics and Trau-
matology Association (COTA) to gain an understanding 
of  preferences and opinions regarding the treatment of  
ACL injuries. The secondary goal was to compare our 
findings with those of  previous surveys found in the lit-
erature and to highlight temporal shifts and geographic 
differences in opinion.
MATERIALS AND METHODS
A questionnaire was sent by e-mail to members of  
COTA. An e-mail invitation was distributed via kwik-
surveys.com with a link to the survey. Reminder e-mails 
were sent out 1 and 4 mo after the initial e-mail. Sur-
geons were asked if  had they performed ACL recon-
structive surgery within the past 12 mo. If  so, they 
were asked to complete the remaining survey ques-
tions. Responses were identified using study numbers 
and were kept separate from the names/e-mails of  the 
respondents.
The survey comprised 45 questions that were divided 
into three groups: 21 multiple-choice questions, 6 ques-
tions with yes/no answers and 18 questions containing 
a series of  statements for which respondents indicated 
agreement or disagreement on a 5-point Likert scale[3]. 
The questionnaire included questions regarding the natu-
ral history of  ACL-injured knees, indications for ACL re-
construction, surgical technique, graft type used, postop-
erative rehabilitation, starting time for specific exercises 
and for return to sports.
Results from this study were analyzed by descriptive 
statistics (mean, standard deviation, minimum-maximum 
values, frequency values, percentages). Results are dis-
played numerically and graphically, thus simplifying their 
interpretation. In accordance with the study of  Marx et 
al[3], a minimum of  80% in matching responses was re-
quired to achieve a clinical agreement. 
RESULTS
Thirty nine surgeons responded that they had performed 
at least one ACL reconstruction in 2011. A frequency 
distribution of  surgeons by the number of  ACL recon-
structions performed per month is presented in Figure 
1. Almost 75% of  respondents performed four or less 
ACL reconstructions per month, meaning less than fifty 
ACL reconstructions per year. Also, among the members 
of  COTA, ACL reconstruction is performed mostly by 
younger surgeons, supported by data that about 56% 
of  respondents had spent less than ten years in surgical 
practice.
Ratings, from “strongly disagree” to “strongly agree”, 
of  a series of  statements regarding natural history and 
related clinical recommendations are presented in Table 
1. The criterion of  ‘‘clinical agreement’’ was met for only 
2 statements: (1) “hamstrings and quadriceps strength 
affects function in ACL-deficient knees’’ (94.9% agree-
ment); and (2) “ACL disruption is associated with in-
creased rate of  arthrosis’’(87.2% agreement). Attitudes 
regarding the indications for ACL reconstruction are 
shown in Table 2. Surgeons agreed or strongly agreed 
that giving up activities of  daily living (94.8%), giving up 
sporting events (89.7%), high-demand activity (94.8%) 
and patients with repairable meniscal tear (92.3%) were 
positive factors and that advanced degenerative changes 
on X-ray (87.1%) was a negative factor inﬂuencing the 
decision to perform an ACL reconstruction. 
Most of  the surgeons start ACL reconstruction by 
performing diagnostic arthroscopy (82%). Among the 
members of  COTA, no one uses allograft, while a stag-
gering 95% of  participants use semitendinosus/gracilis 
tendon autograft for reconstruction and only 5% use 
bone-patellar tendon-bone (BPTB) autograft. The ac-
cessory anteromedial portal was preferred over the 
transtibial approach (67% vs 33%). Furthermore, 80% 
of  surgeons who performed more than fifty ACL recon-
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Figure 1  Frequency distribution of the number of surgeons performing 
anterior cruciate ligament reconstructions per month.
structions per year use an accessory anteromedial portal. 
Suspensory fixation was the most common graft fixa-
tion method for the femoral side (62%), followed by the 
cross-pin (33%) and bioabsorbable interference screw (IS) 
(5%). Astonishingly, 97% of  our respondents use bio-
absorbable IS for tibial side graft fixation (Figure 2). All 
patients received perioperative prophylactic antibiotics.
There is a large diversity of  opinions regarding rec-
ommendations for the use of  knee braces in patients 
after ACL reconstruction (Figure 3A). Some surgeons 
(17.95%) did not use knee braces at all. However, most 
surgeons (66.67%) routinely prescribed some sort of  
knee brace post-surgery. Of  those who prescribe knee 
braces, most (43.59%) used post-operative functional 
braces and others (23.08%) used knee immobilizers. In 
relation to allowing full weight-bearing after surgery, 
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  Statement Strongly disagree Disagree Neutral Agree Strongly agree
  Clinical agreement
     Hamstrings and quadriceps strength affects function in ACL-deﬁcient knees    2 (5.1) 0 (0) 0 (0) 17 (43.6) 20 (51.3)
     ACL disruption is associated with increased rate of arthrosis 0 (0)    2 (5.1)    3 (7.7) 14 (35.9) 20 (51.3)
  No clinical agreement
     ACL reconstruction reduces the rate of arthrosis in ACL-deﬁcient knees 0 (0)      4 (10.3)      7 (17.9) 15 (38.5) 13 (33.3)
     ACL-deﬁcient, ligamentously lax individuals are more symptomatic 0 (0)      6 (15.4)      5 (12.8) 22 (56.4)   6 (15.4)
     Patients with ACL-deﬁcient knees who have not had surgery are able to
     participate in recreational sporting activities
     9 (23.1)    15 (38.5)      6 (15.4)   7 (17.9) 2 (5.1)
     Patients awaiting surgery are able to participate in recreational sporting activities    10 (25.6)    17 (43.6)      9 (23.1) 3 (7.7)          0 (0)
     Bracing is useful for the ACL-deﬁcient knee treated nonoperatively    10 (25.7)    13 (33.3)      8 (20.5)   8 (20.5)         0 (0)
Table 1  Percentage (number) of surgeons choosing each response on a 5-Point Likert Scale regarding statements on the natural 
history of anterior cruciate ligament tear and related clinical recommendations  n  (%)
ACL: Anterior cruciate ligament.
  Statement Strongly disagree Disagree Neutral Agree Strongly agree
  Clinical agreement
     Giving up activities of daily living 1 (2.6) 1 (2.6) 0 (0) 11 (28.2) 26 (66.6)
     Giving up sporting activities only 1 (2.6) 1 (2.6)    2 (5.1) 22 (56.4) 13 (33.3)
     High-demand activity 1 (2.6)              0 (0)    1 (2.6) 14 (35.9) 23 (58.9)
     Advanced degenerative changes on the X-ray   8 (20.5) 26 (66.6)      4 (10.3)              0 (0) 1 (2.6)
     Repairable meniscal tear 1 (2.6) 2 (5.1) 0 (0) 17 (43.6) 19 (48.7)
  No clinical agreement
     Complaining of severe pain               0 (0) 12 (30.8)    14 (35.9)   7 (17.9)   6 (15.4)
     Female sex   7 (17.9) 12 (30.8)    15 (38.5)   5 (12.8)            0 (0)
     Older than 40 yr 1 (2.6) 17 (43.6)    16 (40.9)   4 (10.3) 1 (2.6)
     Open growth plates   5 (12.8) 19 (48.7)      8 (20.5)   4 (10.3) 3 (7.7)
     Non-repairable meniscal tear 2 (5.1)   6 (15.4)      8 (20.5) 19 (48.7)   4 (10.3)
     Recurrent swelling of the knee 1 (2.6) 10 (25.6)      8 (20.5) 15 (38.5)   5 (12.8)
Table 2  Percentage (number) of surgeons choosing each response on a 5-Point Likert Scale regarding statements on positive 
factors influencing the decision to proceed with anterior cruciate ligament reconstruction  n  (%)
ACL: Anterior cruciate ligament.
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Figure 2  Method of graft ﬁxation on femoral (A) and tibial (B) sides.
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25.64% surgeons initiate the full weight-bearing immedi-
ately after surgery, 33.34% prefered to wait three weeks 
after surgery, 38.46% allowed their patients to weight-
bear on the operated knee six weeks after surgery and 
the remaining 2.56% waited two month before initiating 
complete weight-bearing. The recommended duration 
of  physiotherapy by 66.67% surgeons was 6-12 wk. For 
most surgeons (66.67%) time for a complete return to 
sports activities after ACL reconstruction was 6 to 9 mo, 
25.64% considered 3-6 mo to be sufficient for returning 
to sport activities, and others waited longer than 9 mo 
(Figure 3B).
DISCUSSION
This survey shows the diversity of  opinions and ap-
proaches in ACL reconstruction surgery among ortho-
paedic and traumatology surgeons in Croatia. Consensus 
among surgeons was achieved on the decision to per-
form ACL reconstruction surgery if  a patient has knee 
instability during everyday tasks or sport activities, if  a 
patient has a physically demanding job, or if  a patient 
has a meniscus tear that can be treated by suturing. Also, 
agreement was achieved on the statement that ACL in-
jury increases degenerative changes in knee and on the 
statement that the strength of  quadriceps and hamstrings 
muscles affects the knee function after ACL injury. Gen-
eral informed consent has to be signed in every hospital 
in Croatia in which surgical reconstruction of  ACL is 
performed, yet only one third of  participants claim that 
their institution has a specific informed consent on surgi-
cal reconstruction of  ACL. Therefore, quality of  patient 
information related to ACL reconstruction and postope-
rative rehabilitation might be deficient, and this should be 
improved in future[12].
An ideal graft for use in ACL reconstruction is one 
that is easily harvested, results in little or no harvest site 
morbidity, has structural and biomechanical properties 
similar to those of  the native ligament, can be secured 
predictably and rapidly incorporates to the bones[13]. 
Historically, ACL reconstructions were performed us-
ing BPTB autografts fixed with metal IS. That has been 
considered the gold standard to which other technolo-
gies are compared. Although, semitendinosus/gracilis 
tendon autograft was introduced at roughly the same 
time as BPTB autograft it was only recently that it gained 
popularity. Typically, semitendinosus/gracilis tendon 
autograft is associated with less anterior knee pain and 
also allows separation of  the graft for performing dou-
ble-bundle reconstruction, which BPTB grafting does 
not[14-17]. On the other hand, a BPTB autograft has an 
excellent initial fixation and improved graft incorpora-
tion related to bone-to-bone healing, but its use may also 
be associated with patellofemoral pain and, occasionally, 
patellar fractures[13,15,18-21]. Examination of  data found in 
the literature indicates a shift in opinion regarding graft 
choice from BPTB autograft to semitendinosus/gracilis 
tendon autograft. For example, in the United States in the 
late nineties, BPTB autograft was commonly preferred 
(79%) followed by semitendinosus/gracilis tendon auto-
graft (12%) and allografts (8%)[3,10]. In 2006, however, in 
United States, BPTB autograft was preferred by 46% of  
surgeons, semitendinosus/gracilis tendon autograft by 
32%, and allografts by 22%. Furthermore,  a more recent 
study Chechiak et al[6] showed that among North Ameri-
can surgeons BPTB autograft was preferred by only 39%, 
semitendinosus/gracilis tendon autograft by 42%, and 
allografts by 19%. A much stronger temporal shift can 
be seen among members of  the Canadian Orthopaedic 
Association (COA). McRae et al[7] conducted a study and 
found that in 2011 there is preference for using semiten-
dinosus/gracilis tendon autograft over BPTB autograft 
(70% vs 28.5%). This demonstrates a shift from an earlier 
survey conducted in 1995 in which COA surgeons indi-
cated a preference for BPTB autograft (63%) over semi-
tendinosus/gracilis tendon autograft (32%)[22]. The use 
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of  allograft for ACL reconstruction has gained increasing 
popularity and is now estimated to be used in about 20% 
of  primary reconstructions in the United States[23,24]. Al-
though they are associated with no harvest site morbidity, 
and provide predictable graft size, shorter operative time 
and easier recovery in the postoperative period, allografts 
are considered more likely to fail because of  decreased 
mechanical properties due to the sterilization process 
and the possibility of  triggering an inﬂammatory foreign 
body response. Chechiak et al[6] conducted their research 
among 261 American Academy of  Orthopaedic Surge-
ons (AAOS) and European Federation of  National As-
sociations of  Orthopaedics and Traumatology (EFORT) 
members worldwide and found that 63% of  surgeons 
use semitendinosus/gracilis tendon autograft, 26% use 
BPTB autograft and 11% use allograft. More interest-
ingly,  they found a significant difference in graft choice 
by geographic regions. Surgeons in Europe prefer semi-
tendinosus/gracilis tendon autograft (72%) while 19% of  
surgeons use BPTB autograft. In addition, Granan et al[25] 
published Scandinavian ACL registries and found that 
semitendinosus/gracilis tendon autograft was the most 
frequently used graft in all of  Scandinavia (61% in Nor-
way, 71% in Denmark, and 86% in Sweden), followed by 
BPTB autograft (38% in Norway, 22% in Denmark, and 
14% in Sweden) and allografts (< 1% in Norway, 7% in 
Denmark, and < 1% in Sweden). Our results show ex-
treme popularity of  semitendinosus/gracilis tendon auto-
graft among members of  COTA.
Throughout history there have been two concepts 
to ACL reconstruction: isometric and anatomic. The 
biomechanical concept of  graft isometry was developed 
in the 1960s and was based on the notion that the ideal 
ACL graft should be ‘‘isometric’’, which means that the 
distance between the femoral and tibial attachment sites 
does not change as the knee ﬂexes[26,27]. By the 1990s, sur-
geons started to recognize that the goal to achieve isom-
etry within a single or double tubular graft had proved an 
elusive one which, if  achievable, would create unphysi-
ological conditions, as none of  the identifiable native 
ACL bundles are isometric in their own right. Thus it was 
realized that any reconstructive effort must restore any 
injured anatomic structure to its normal functional posi-
tion and tension. The use of  an arthroscopic accessory 
anteromedial portal for femoral drilling allows a more 
accurate placement of  the femoral tunnel, thus allow-
ing anatomic reconstruction[28-32]. McRae et al[7] divided 
surgeons into two groups: a “high-volume’’ and a “low-
volume’’ group based on the number of  ACL reconstruc-
tions performed per month and found statistically sig-
nificant differences in implementation of  the accessory 
anteromedial portal to create the femoral tunnel. Results 
showed that the “high-volume’’group preferred creating a 
new, accessory anteromedial portal for femoral drilling. A 
survey conducted in the United States in 2006 found that 
90% of  surgeons perform a single-incision arthroscopic 
ACL reconstruction and, of  those, 85% still prefered the 
transtibial approach, while only 15% performed an ac-
cessory anteromedial portal[10]. In contrast, Chechik et al[6] 
found that 68% prefered the accessory anteromedial por-
tal over a transtibial approach in their worldwide survey 
in 2011. Our study showed the same results, 67% of  sur-
geons used an accessory anteromedial portal and that the 
percentage was higher among surgeons who performed 
more than 50 ACL reconstructions per year. 
Graft fixation methods can be divided into suspen-
sory, cross-pin and metal or bioabsorbable IS. Today, the 
most commonly used suspensory fixation is the endo-
button and the most commonly used cross-pin fixation is 
rigid-fix system. The fixation device must provide strong 
enough fixation to allow early rehabilitation with minimal 
movement of  the graft until biological fixation is com-
plete. While some biomechanical studies suggested that 
suspensory fixation is strongest in terms of  load to fail-
ure[33], others showed that the further the fixation point 
from the joint line, the more it allows the graft to elon-
gate under cyclic loading[34]. Metallic IS is the longtime 
gold standard[35,36] of  graft fixation and it was the pre-
ferred choice of  most surgeons until 1999[37]. Bioabsorb-
able and biocomposite materials were introduced, which 
allowed magnetic resonance imaging with fewer artifacts 
and image distortion and were also better handled during 
revision surgery[13]. On the other hand, bioabsorbable IS 
have been reported to break intraoperatively. They can 
contribute to tunnel widening and in some cases provoke 
an inﬂammatory response and pain which requires their 
surgical removal[36,38]. Chechik et al[6] reported that they 
found no consensus among 261 AAOS and EFORT 
members worldwide on the choice of  fixation device. 
Metal or bioabsorbable IS and suspensory fixation were 
almost equally used (40% vs 46%), and bioabsorbable 
were preferred over metallic IS (34% vs 12%). However, 
surgeons in North America use screws more often than 
suspensory fixation (58% vs 35%), while in Europe sur-
geons use screws and suspensory fixation equally(41% vs 
41%). A study conducted by Sandhu[8] reported that in 
2008 the two main fixation methods used for stabilizing 
the graft in the Indian subcontinent were bioabsorbable 
IS (50%) and the metallic IS (25.50%). Among COA 
surgeons, McRae et al[7] reported that suspensory fixation 
was the preferred method for fixation on the femoral 
side (51.5%) and bioabsorbable IS for graft fixation on 
the tibial side (63.2%). Our study also showed a prefer-
ence among members of  the COTA towards suspensory 
fixation, used by 62% of  surgeons.
Bracing after ACL reconstruction is still a controver-
sial subject[39-45]. Many clinicians believe that braces im-
prove the outcome of  ACL reconstruction by improving 
extension, decreasing pain and graft strain, and providing 
protection from excessive force. However, a systematic 
review conducted by Wright et al[39] found that there is 
no evidence that pain, range of  motion, graft stability, or 
protection from subsequent injury were affected by brace 
use after ACL reconstruction. Our study showed the 
same diversity of  opinions regarding use of  knee braces 
after ACL reconstruction among the members of  COTA. 
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This study does carry some notable limitations. It is 
a retrospective study that relies on the accuracy of  the 
reporting surgeon, and this could be a source of  bias. 
The study is also limited by the lack of  comparison be-
tween surgical techniques used and patients’ functional 
outcomes. These limitations could be solved by prospec-
tive design of  future studies related to this topic. Despite 
its limitations, this is the first study conducted in Croatia 
into opinions and agreements among orthopaedic and 
traumatology surgeons concerning the diagnosis, treat-
ment and rehabilitation of  patients with ACL injury. The 
results show that ACL reconstruction surgery in Croatia 
follows the trend of  the recommendations from the lat-
est world literature.
COMMENTS
Background
The anterior cruciate ligament (ACL) is the prime static stabilizer against 
anterior translation of the tibia on the femur. Injury to the ACL is the most 
common ligament injury in the knee and ACL reconstruction is the sixth most 
common surgical procedure in orthopaedics. Despite the large-scale use of 
ACL reconstructions, questions still remain regarding indications, surgical 
techniques, graft selection, fixation method, and postoperative rehabilitation 
protocol, causing controversy regarding both nonsurgical and surgical treatment 
of ACL injury.
Research frontiers
The research aim was to investigate current preferences and opinions on the 
diagnosis, treatment and rehabilitation of patients with a ACL injury in Croatia 
and to compare the findings with those of previous surveys found in the literatu-
re and to highlight geographic differences in opinion.
Innovations and breakthroughs
The research showed that nearly all participants use semitendinosus/gracilis 
tendon autograft for reconstruction and only 5% use bone-patellar tendon-bone 
autograft. The accessory anteromedial portal was preferred over the transtibial 
approach (67% vs 33%). Suspensory fixation was the most common graft 
fixation method (62%) for the femoral side, followed by the cross-pin (33%) and 
bioabsorbable interference screw (5%). Almost all respondents (97%) use a 
bioabsorbable interference screw for tibial side graft fixation.
Applications 
The research showed that ACL reconstruction surgery in Croatia is in line with 
the recommendations from latest world literature.
Peer review
The paper shows a common opinion of anterior cruciate ligament repair for 
Croatian doctors in comparison to the western countries. It is well written.
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